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POTATO ALPHA-GLUCOSIDASE GENE 

This invention relates to the fields of plant 
biotechnology and plant genetic engineering. In 
5 particular, it relates to the production of novel 

starches by plants and to the manipulation of starch- 
sugar conversions in transgenic plants by chcuaging the 
cellular activity of the a-glucosidase enzyme. More 
specifically, it relates to nucleic acid sequences 
10 encoding of-glucosidase enzymes and the potential use of 

such sequences when expressed in plants. 

It is known that the mobilisation of starch by hydrolysis 
in plants involves the enzymes a-amylases, /3-amylase, 

15 debranching enzyme and a-glucosidase. However, the 

precise roles of the of starch degrading enzymes and 
their mechanisms of action remain unclear. One view is 
that Qf-amylases are the only enzymes that use native 
starch as a substrate for hydrolysis. Accordingly, the 

20 role of S-amylase, debranChing enzyme and a-glucosidase 

is to hydrolyse the dextrins released by a-amylase 
activity on the granule {reviewed by Beck and Zeigler, 
1989) . Conversely, some evidence suggests that a- amylase 
cannot act on starch grains alone and requires other 

25 factors for starch degradation (Stamberg and Bailey, 

193 9) . A good candidate for this a-amylase activating 
factor is a-glucosidase (Schwimmer, 1945) . In fact some 
a-glucosidases have been shown to catalyse the hydrolysis 
of soluble starch, although at very low rates (Yamasaki 

30 and Konno, 1985) . In germinating barley there was a high 

degree of synergistic starch hydrolysis when a-amylase 
and a-glucosidase were incvibated with starch granules 
(Sun and Henson, 1990) . More recently, it has been 
demonstrated that a pea chloroplastic a-glucosidase is 

35 capable of initiating chloroplastic starch grain 

degradation (Sun et al., 1995). This may cause starch 
grains to be more susceptible to further hydrolysis by 
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Other enzymes. Thus, it appears that the importance of 
of-glucosidases in starch hydrolysis may have been under- 
estimated. 

5 Qf-Glucosidases catalyse the hydrolysis or transfer of 

the terminal of-D-glucosyl residues of a-D- 

glucosidically linked carbohydrates. A general feature 
is that, unlike other starch degrading enzymes, a broad 
range of compounds are substrates for these enzymes. 

10 Generally, as well as catalysing the hydrolysis of 

maltose, they will also use oligosaccharides 
(maltodextrins) and polysaccharides {amylose, amylopectin 
and glycogen) as substrates (Yoshikawa et al,, 1994). 
Additionally, most of-glucosidases will hydrolyse a range 

15 of glucobioses containing a- 1,2', a-1,3, a- 1,4 and a- 

1,6 bonds. This may be particularly important if all 
these type of linkages are present in vivo, as other 
starch degrading enzymes such as a- amylase cannot 
catalyse the breakdown of a- 1,2 and a- 1,3 bonds (Sun et 

20 ai., 1995). Some evidence suggests that these types of 

linkages do exist in starch grains (Abdel-Akher , M. et 
aJ., 1952, Wolfrom and Thompson, 1956). a-Glucosidases 
also catalyse transglycosylation reactions that may be 
important in vivo. For example, isomaltose, maltotriose 

25 and panose can be synthesised from maltose (YamasaUci and 

Suziaki, 1980, Yamasaki and Konno, 1985) and kojibiose, 
nigerose and maltose can be synthesised from soluble 
starch (Chiba, 198 8) . 

30 It is well known that plants with novel characteristics 

can be produced by the expression of gene secpiences 
introduced by transformation procedures such as 
Agrobacteriunj- mediated or vector mediated transformation 
methods or physical transformation methods such as 
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3 

biolistics, chemical or electrical transfection or micro- 
injection, introducing genes or DNA sequences (Draper et 
al., 1988). Despite the widespread occurrence of a- 
glucosidases in higher plants and their importance in 
starch and carbohydrate metabolism, no a-glucosidase 
genes from plants have been characterised. 

This has the disadvantage of preventing a transgenic 
approach for the manipulation of the expression of a- 
glucosidase genes. 

Accordingly, a first aspect of the present invention 
provides a recombinant or isolated nucleic acid encoding 
an G(-glucosidase enzyme, preferably a plant a-glucosidase 
enzyme. Nucleic acid according to the present invention 
is preferably DNA but also includes cDNA and RNA. The a- 
glucosidase enzyme of the present invention includes 
sequences which are preferably obtainable from plants or 
microbes including, in particular, the plants: potato, 
pea, maize, wheat, rice, barley, sweet potato, cassava or 
yam, amongst other species. 

The present invention also includes, according to all 
aspects, mutations and fragments of nucleic acid 
sequences encoding ot-glucosidases (preferably a- 
glucosidases obtainable from plants) and mutations and 
fragments of amino acid sequences of those a-glucosidase 
enzymes. The present invention particularly includes 
nucleic acid and amino acid sequences of a-glucosidase 
which are obtainable from the potato cultivars Record, 
Desiree, Binje or Russet Burbank as well as mutants and 
fragments thereof . 

Fragments of nucleic acid according to the present 
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invention include 9 or more, preferably 12 or more, 
preferably IS or more, preferably 18 or more bases and 
the corresponding number of amino acids. When used to 
describe the invention, the phrase 'a part of means any 
5 size fragment thereof. 

The recombinant or isolated nucleic acid according to the 
first aspect of the invention preferably encodes for an 
enzyme having the activity of a 105.4 kD a-glucosidase 
10 enzyme of potato, especially the potato cultivar Record. 

The recombinant or isolated nucleic acid nucleic 
according to the first aspect of the invention most 
preferably encodes at least part of (ie. a fragment of) 
15 the amino acid sequence as shown in Figure 2. The 

recombinant or isolated nucleic acid preferably encodes 
an amino acid sequence having more than 29% identity with 
the sequence shown in Figure 2, more preferably 40% 
identity, even more preferably 60% identity. 

20 

The recombinant or isolated nucleic acid may have a 
coding sequence operatively linked to a promoter. The 
promoter may be constitutive, for example the well known 
CaMV35S promoter or inducible, for example, the GAL/GALIO 

25 promoter. The promoter may also be tissue-specif ic , for 

example, the tuber- specific promoter GBSSI, the tuber- 
specific patatin I promoter CKim et al) , the tomato 
fruit -specific E8 promoter {Lincoln et al) and the 
promoter of the small subunit of the ribulose-1, 5- 

30 biphosphate carboxylase gene (Coruzzi et al) . 

According to a second aspect of the invention, there is 
provided a recombinant or isolated nucleic acid 
comprising a promoter which naturally drives expression 
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5 

of a nucleic acid sequence encoding an a-glucosidase 
enzyme, preferably a plant a-gluco3idase enzyme. The 
coding sequence for the of-glucosidase is preferably as 
described above, according to the first aspect of the 
invention. 

The recombinant or isolated nucleic acid according to the 
first and second aspects of the invention, when 
expressed, may result in enhanced starch and/or other 
carbohydrate breakdown, preferably in a plant. It may 
also result in novel starch structures. The enhanced 
breakdown is a result of increased expression of the a- 
glucosidase enzyme, usually compared to endogenous 
levels. According to jxromoters used, for example, a 
tissue specific promoter, the increased levels of a- 
glucosidase can be limited to desired tissues, such as 
plant storage organs (for example, potato tubers) . 

The recombinant or isolated nucleic acid of the first and 
second aspects of the invention may include a signal 
sequence in translational fusion with the a-glucosidase 
coding sequence. Such a sequence may enable the 
expression of an introduced or-glucosidase sequence 
specifically in a cellular organelle. For example, the 
GBSSI signal sequence targets expression to the plastid 
in potato tubers {Visser et al 1989) . 

According to a third aspect of the invention there is 
provided antisense nucleic acid to nucleic acid encoding 
a-glucosidases of the present invention, Antisense 
nucleic acid is well understood in the art. Thus the 
present invention provides antisense nucleic acid which 
comprises a transcribable strand of nucleic acid, the 
transcribed nucleic acid being complementary to at 
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least part of a strand of nucleic acid which is 
transcribed from a nucleic acid sequence encoding a 
ce-glucosidase enzyme. Preferably, the nucleic acid 
sequence encoding the a-glucosidase enzyme is obtainable 
5 from a plant, but it may also be obtainable from other 

sources, such as microbial sources (eg. yeast) The 
transcribable nucleic acid of the antisense and/or 
encoding the a-glucosidase may be recombinant. The 
nucleic acid encoding the a-glucosidase may be a^ 
10 'natural' (endogenous) nucleic acid sequence (which may 

also be recombinant) or may be a modified sequence. The 
nucleic acid encoding the plant a-glucosidase enzyme may 
be obtainable from a potato, in particular, the potato 
cultivar Record. The nucleic acid encoding the plant or- 
is glucosidaae enzyme may preferably encode for an enzyme 
having the activity of a 105.4 kD a-glucosidase enzyme of 
potato. 

The , cintisense nucleic acid is advantageously 
20 complementary to part of a nucleic acid sec[uence encoding 
for the amino acid sequence shown in Figure 2 . 
Preferably the antisense nucleic acid is complementary in 
the same level of identity as described hereinbefore for 
the recombinant or isolated nucleic acid. In this way, 
25 the transcribable strand of nucleic acid from the 

antisense nucleic acid will be complementary to at least 
part of the strand of the nucleic acid which is 
transcribed from the nucleic acid encoding a plant a- 
glucosidase enzyme. 

30 

The antisense nucleic acid may be operatively linked to 
a promoter, as described according to the first aspect of 
the invention. 
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According to a fourth aspect of the invention there is 
provided nucleic acid capable of disrupting the proper 
expression of an Of-glucosidase gene, preferably a plant 
Qf-glucosidase gene, most preferably an a-glucosidase gene 
of potato, pea, maize, wheat, rice, barley, sweet potato, 
cassava or yam. The disnaption may be by any recombinant 
nucleic acid technology, including those well known in 
the art. The nucleic acid capable of the most effective 
disruption, disrupts proper expression of a gene encoding 
an a-glucosidase enzyme having the activity of a 105.4 kD 
a-glucosidase enzyme of potato. Nucleic acid capable of 
disrupting the proper expression of an a-glucosidase 
gene, according to the invention, may comprise nucleic 
acid obtainable from a source other than a plant eg. a 
microbial source, in particular a yeast. 

The nucleic acid according to any aspect of the invention 
may comprise a 5' transcription regulation sequence such 
as the 5' transcription regulation sequence derived from 
the Cauliflower Mosaic Virus 35S gene, GBSSI, patatin, EB 
and the promoter of the RUBISCO small subunit gene. 

Nucleic acid, according to any aspect of the invention 
may comprise part of a vector. Suitable vectors are well 
known in the art and include cloning vectors such as 
lambda Zap II (Stratagene) and expression vectors such as 
pYES2 Clnvitrogen) . Preferably, the vector comprises one 
or more selectable markers such as antibiotic resistance. 

A construct, comprising nucleic acid according to any one 
of the aspects of the invention, and including the 
vectors according to the invention can be introduced into 
a host cell by transfection or transformation. Such 
methods are well known in the art. The host cell can 
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Chan be used to express and monitor expression of cv- 
glucosidase activity or can be used to clone plants, 
microbes and/or parts of plants, including tissue 
culture. 

5 

Preferably, a construct comprising a promoter operatively 
linked to a nucleic acid sequence, encoding an ot- 
glucosidase enzyme can be tremsformed into a plant or 
other organism, such as a microbe, eg. yeast. Suitable 

10 plants include potato, pea, maize, wheat, rice, barley, 
sweet potato, cassava or yam amongst others. Suitable 
transformation techniques are well known in the art as 
described above. The transformation results in plants, 
or other organisms, at least some of the cells of which 

15 contain a foreign chimeric nucleic acid sequence composed 

of a promoter operatively linked to nucleic acid encoding 
an a-glucosidase enzyme. These constructs can include 
nucleic acid encoding any a-glucosidase (eg. plant, or 
microbial) for introduction into plant, microbial or 

20 animal cells. 

In this way, the nucleic acid of the present invention 
can be used to modify starch and/or other carbohydrate 
breakdown in material, in particular in plant material. 

25 Clearly, the most effective use of such systems are when 
the promoter sequence drives preferential expression of 
the nucleic acid in plant storage organs and/or seeds. 
As a result, the rate of starch and/or other carbohydrate 
breakdown in plant materials can be modified as well as 

30 the potential to produce novel starches and/or other 

carbohydrates in plants, preferably plant storage organs. 

The nucleic acid sequences, constructs, vectors etc., 
according to the first aspect of the invention, can be 
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used to obtain enhanced of-glucosidase activity in plant 
or other organisms material/tissues. A consequence of 
this is a more efficient breakdovm of starch and/or other 
carbohydrates and the opportunity to product novel 
5 starches and/or other carbohydrates. This is a benefit 

to processes which lead to the production of glucose 
and/or other starch derived products such as maltose and 
maltose oligosaccaharides . These includes the malting 
and brewing process in which the efficiency of starch 

10 conversion to glucose will be increased, leading to 

increased spirit yield. Additionally, increased starch 
breakdown will increase the glucose content of plant 
tissues and will consequently enhance the flavour 
characteristics of plant- tissues (for example the fruit 

15 of tomato, strawberry, raspberry, blackcurrent ) . 

Furthermore, the nucleic acid sequences, constructs, 
vectors, etc., according to the third and fourth aspects 
of the invention can be used to obtain reduced ot- 

2 0 glucosidase activity in plant or microbial material. 

Inhibition of of-glucosidase activity by transformation of 
plant tissue with constructs containing the potato at- 
glucosidase sequence in antisense orientation will result 
in inhibition of starch breakdown in seeds and other 
25 storage organs. This will be of use in developing 

tissues, in storage tissue and in germinating systems. 
Applications also include inhibition of pre- sprouting in 
cereals, sprout control in potato, minimising starch and 
dry weight losses in storage and during cooking or 

3 0 processing. A potential outcome is restricted starch 

turnover rates and a subsequent increase in the amount of 
starch deposited. 

The nucleic acid sequences of the present invention can 
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be used as hybridisation probes Co clone CK-glucosidase 
genes from other sources and species, for example 
microbes and pea, maize, wheat, rice, barley, sweet 
potato, cassava and yam (respectively) . 

5 

A further aspect of the present invention also provides 
for novel starch structures, in particular in plant 
materials. The novel starches are a result of the a- 
glucosidase activity at differing levels and/or from 
10 differing sources. The novel starch structures may have 

a changed branched structure and/or a changed branch 
length. 

The invention is illustrated by the accompanying drawings 
15 in which: 

Figure 1. shows the nucleotide sequence of the coding 
strand of the potato cultivar Record cDNA that encodes 
a-glucosidase. 

20 

Figure 2. shows the deduced amino acid sequence from the 
cDNA sequence in Figure 1. 

Figure 3 . shows a comparison of the deduced amino acid 
25 sequence of the potato a-glucosidase (labelled pot) with 

that of the human lysosomal sequence (labelled hum) . The 
comparison was carried out using the default parameters 
of the GAP programme of the GCG package- 

30 Figure 4. shows growth of yeast strains. (o) non- 

transformed ABYSMAL81 with 2% glucose as carbon source, 
{•) ABYSMALSl transformed with pMALlYES2 with 0.1% 
galactose and 2% maltose as carbon source, (□) ABYSMALBl 
with 0.1% galactose and 2% maltose as carbon source and 
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(■) ABYSMAL81 transformed with pYES2 with 0.1% galactose 
and 2% maltose as the carbon source. 

Figure 5 . shows a-glucosidase activity in crude extracts 
5 of ABYSMAL81 transformed with pMALlYES2 measured in the 

pH range 3-9. 

The invention is illustrated by the following non- 
limiting examples. 

10 

Example 1 

Isolation and sequence analysis of a potato a- 
glucosidase clone. 

15 An Arabidopsis expressed sequence tag (EST) (European 
Molecular Biology Laboratory (EMBL) accession number; 
tQ44 54 .em_est) with sequence similarity to the human 
lysosomal a-glucosidase gene (Hoefsloot ec al., 1988) 
was used as a probe to obtain the corresponding potato 

20 cDNA ipMALl) . The EST was generated in an Arabidopsis 

expressed sequence project and can be accessed as 
described in Newman et aj., 1994. A potato cDNA (cultivar 
Record) library constructed in Zap II (Stratagene) from 
tuberising stolon tip mRNA (Taylor et al . , 1992) was 

25 screened by standard techniques using this EST as a 

probe. Following in vivo excision and sub-cloning, DNA 
sequence of the pMALl clone was obtained for both strands 
using cycle sequencing (E)yeDeoxy Terminator kit, Perlcin 
Elmer) and a 373 automated DNA sequencer (Applied 

30 Biosystems) . DNA sequence analysis was carried out using 

software available on the SEQNET Computational Molecular 
Biology Facility at SERC Daresbury Laboratory UK. The 
size of the insert in the pMALl was 2992bp (Fig. 1) . An 
open reading frame from the nucleotide in position 62 to 
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a termination codon at position 2819 was identified. The 
sequence around the putative ATG initiation codon (A at 
position 51) is AACCATGA and shares some similarity with 
the preferred context for higher eukaryotes (CACCATGG, 
5 Kozak, 1987) . The polypeptide encoded by this ORF has a 

molecular weight of 105.4 kD and an isoelectric point of 
5.75, The deduced amino acid sequence of the pMALl open 
reading frame was compared with sequences in the EMBL 
database. The most significant matches were with members 
10 of family 31 of glucosyl transferases which includes a- 

glucosidases from human {Hoefsloot et al., 1988) and 
Candida tsukubaenis (Kinsella et al. , 1991). The most 
similar full length sequence was that of a human 
lysosomal or-glucosidase (Hoefsloot et ai. , 1988, Fig 2) . 
15 Overall the sequences share 50% similarity and 29% 

identity. The two sequences were less similar in the 
amino -terminal portion (41% similarity, 16% identity over 
the first 280 amino acids) however over the remaining 
portion of the sequence there is 53% similarity and 34% 
20 identity. Clusters of identical amino acids occur 

throughout this region. One of the most highly conserved 
regions is adjacent to the aspartic acid residue at amino 
acid 516 of the potato sequence. Regions highly similar 
to this are at the active site of rabbit isomaltase and 
25 sucrase (HunziJcer et al 1986) . The pMALl ORF was also 

compared with the deduced amino acid sequences of ESTs 
from Arabidopsis, rice and C.eiegans that show similarity 
to a-glucosidases. The pMALl ORF shared 77%, 76% and 58% 
identity, respectively with these sequences (not shown) . 



30 



Example 2 

Complementation of a yeast a-glucosidase mutant. 
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To confirm that the pMALl clone did encode a functional 
a-glucosidase gene, its ability to complement an ot- 
glucosidase- negative mutant strain of Saccharomyces 
cerevisiae was investigated. Such a mutant strain of 
5 Saccharomyces cerevisiae designated ABYSMAL81 (Kopetzki 

et al.,1989) has the genotype ura3-52mallS- 
^pralprblprclcpsllys * This mutant was used in 

transformation studies using standard yeast culture and 
manipulation methods as described by Rose et al., 1990. 

10 The open reading frame encoding the potato a-glucosidase 
was cloned into the Hind III site of the yeast expression 
vector pYBS2 (Invitrogen) to generate the construct: 
pMALlYES2 using standard techniques. The coding region of 
the cDNA clone was amplified using the Expand High 

15 Fidelity PCR system (Boehringer Mannheim) and the 

sequence of the PCR product was verified. PCR primers 
were designed to incorporate Hind III sites at the 5' and 
2* termini of the fragment and the initiation codon was 
preceded by an AT rich sequence (TTAAA) in order to 

20 enhance efficient translation initiation (Romanes et al., 

1995} . The sequence of the primers used for building the 
yeast expression construct containing the amplified 
potato a-glucosidase sequence were: 

2 5 5' primer: cgaagcttaaaatgagagctccactactc 

3' primer: cccaagcttgaatcgaccaatcatc 

The lithium acetate transformation method (Rose et al. , 
1990) was used to introduce the plasmids pYES2and 
30 pMALiyES2 independently into the yeast strain ABYSMALdl- 

Transformants were selected for uracil auxotrophy by 
standard procedures. Expression of the MALI sequence in 
the PMAL1YES2 construct was under the control of the GALl 
portion of the GALI/GALIO promoter which is inactive in 
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the absence of galactose, induced a 1000 fold in its 
presence and is subject to glucose repression (Johnston, 
1987) . Growth of pmLiyES2 transf ormants was observed in 
the presence of 0.1% galactose and 2% maltose at a rate 
5 similar to that of the non- transformed mutant and vector 

transformed mutant growing on 2% glucose as the carbon 
source {Fig. 4), it was confirmed that the non- 
transformed mutant and vector transformed mutants were 
incapable of growth on this maltose/galactose medium and 
10 the transformant required the addition of galactose for 

growth. Presumably the level of galactose in the medium 
(0.1%) was too low to support growth of the mutant but 
was sufficient to induce expression from the GALl 
promoter. 

15 

Qf-Glucosidase activity in crude yeast extracts was 
determined in the transformed and non- trans formed mutant 
strains. Overnight cultures of yeast (50 ml) were 
harvested by centrifugation {2000g, 5 min) and the cell 
pellet resuspended in 0.5 ml of 10 mM sodium phospate 
buffer, pH 6.5. Cells were broken by sonication using a 
Misonix Ultrasonic Cell Disrupter (Misonix Inc) and cell 
debris was then sedimented by centrifugation (ISOOOg, 20 
min) . Small molecules were removed from the supernatant 
25 by gel filtration using a PD-10 Sephadex G-25 M column 

(Pharmacia) . Of-Glucosidase activity was determined using 
a range of maltodextrins, amylopectin and boiled soluble 
starch as substrates. The reaction mixture (100 L) 
contained 50mM maltodextrin or 2% (w/v) amylopectin or 
30 boiled soluble potato starch substrate in sodium 

phosphate buffer pH 6.5, and 50 of crude extract and 
was incubated for 1 hour at 3 0°C. The reaction was 
terminated by boiling for 5 minutes and the amount of 
glucose released determined by the reduction of NAD*^ in 



20 
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the coupled reactions of hexokinase and glucose- 6- 
phosphate dehydrogenase in the presence of ATP and NAD 
in a microtiter plate assay (Viola and Davies. 1992) . 
Significant activity was detected following 
transformation of the ABYSMAL81 mutant with pMALlYES2 and 
galactose induction. No activity could be detected in the 
non- trans formed or pYES2 transformed ABYSMALBl strain 
(Table 1) . The optimum pH for a-glucosidase activity was 
6.5 {Fig. 5). 

The rate of hydrolysis of a range of maltodextrins . 
amylopectin, and boiled starch was also investigated 
(Table 1) . The greatest activity was observed when 
maltotetraose was the sxibstrate (151% of the maltose 
rate) . Very little activity (5% of the maltose rate) was 
detected when amylopectin or boiled soluble starch were 
used as substrates although this was significantly 
greater than in the non- transformed mutant. 
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Table 1. ot-Glucosidase activity in crude extracts of 
ABYSMALSl transformed with pMALlYES2. The 100% maltose 
rate was 3.25 nmoles glucose/ g protein / hr. 

5 

Substrate a-glucosidase activity. 

(percentage of maltose rate) 



maltose 100 

maltotriose 142 

10 maltotetraose 151 

maltopentaose 117 

maltohexaose gg 

maltoheptaose 50 

amylopectin 5 

15 boiled starch 5 



Example 3 

Trans fonmicion studies. 

Preliminary transformation studies were carried out using 
20 constructs containing the potato MALI sequence. Two 

constructs were built as described below. An antisense 
construct containing the entire MALI coding sequence in 
reverse orientation under the control of two copies of 
the constitutive CaMV 35S promoter and containing the nos 
25 terminator was cloned into the plant transformation 

vector pBINlS (Bevan, 1984) . This vector contained a 
kanamycin selection marker. A sense construct was built 
as above except the entire MALI coding region was cloned 
in the sense orientation. 59 independent (determined by 
30 Southern analysis (Sambrook et al., 1989)) transgenic 

potato antisense lines and 45 sense lines were generated 
in the potato cultivar Desiree following standard 
transformation protocols (Kumar, 1995) . 
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Example 4 

a-Glucosidase activity measurements. 

a-Glucosidase activity measurements were carried out 
{Cochrane ec al., 1991) on tuber and leaf samples from 
5 the MALI ant i sense plants in Example 3 . In tubers from 

these transgenic lines, a small (20%) but consistent 
decrease in activity was detected on either a protein or 
fresh weight basis in three lines. In leaf samples from 
the antisense lines a significant decrease in activity 
10 was measured, in some lines the activity was 

approximately 50% that observed in vector-only 
transformed leaves. Other lines showed a decrease in 
activity of up to 50%. 

15 Example 5 

ruber sugar content. 

Glucose, fructose and sucrose were assayed by high pH 
anion exchange chromatography with pulsed amperometric 
detection using a CarboPac PA- 100 column following the 

20 manufacturer's protocol f^ionex) in samples of tissue 

from "first generation" transgenic tubers (tubers stored 
for three months at 4**C) (the antisense plants from 
Example 3) . Compared with transgenic plants transformed 
with only the vector (pBIN19) , a decrease in sucrose 

25 content was measured in some transgenic MALI antisense 

lines (table 2 below) . In the line that exhibited the 
strongest effect, sucrose levels were approximately 3 0 to 
60% of the control values. 

30 Table 2. Levels of glucose, fructose and sucrose in 

stored potato tubers from MALI antisense plants compared 
with those from vector-only transformed plants. 

(Data from selected lines to show range of values 
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obtained in antisense plants, values for antisense plants 
mean of 5 replicates from different tubers of the same 
transgenic line or mean of 8 replicates for the vector- 
only transformed control.) 

5 

Transgenic line glucose fructose sucrose 

mg glu/gfr.wt. mg fru/gfr.wt. mg glu/gfr.wt. 

2M1 0.05 0.05 1.08 

10 3M4 0.09 0.08 1.74 

HE 0.19 0.28 0.84 

12C 0.05 0.08 1.17 

12D 0.10 0.13 1.10 

control 0,08 0.11 1.89 

15 

Example 6 

Leaf starch turnover ^ maltose content and ot-glucosidase 
activity, 

20 The rate of starch turnover in fully expanded leaves from 

selected lines of antisense MALI plants (from Example 3) 
was measured. Plants were grown in a growth cabinet at 
saturating light intensities with an 18 hour light period 
and a six hour dark period, starch was extracted from 

25 leaves (Leidreiter et al. 1995) at the end of the light 

period and after four hours of darkness . The ratio of 
starch content in the light and dark was found to be 
consistently higher in the vector-only transformed lines 
(mean value 3.3) compared with the MALI antisense lines 

30 {lowest values 2.4) . The maltose content after 4 hours of 

darkness was also measured in leaf samples. Leaves from 
the MALI antisense lines had up to twice the maltose 
content of those from vector-only transformed control 
lines. The results are shown in Table 3. 
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Table 3. 

Starch content, o-glucosidase activity and maltose 
levels in leaves from MALI antisense plants and vector- 
only transformed plants (control) after 18 hours light 
treatment (L) and 4 hours dark treatment (D) . Data 
represent mean values of 5 samples. 

Transgenic Of-glucosidase maltose starch ratio (L/D) 



line 


activity 




content 






(vector value = 100^ 


t) 


mM glu/gfr. 


.wt 










light 


dark 


control 


100 


100 


46.4 


14.4 


3.20 


3M4 


63 


200 


43 .4 


18.4 


2.36 


HE 


54 


204 


50.2 


19.2 


2.60 


14A 


76 


143 


55.7 


24.3 


2.29 



Example 7 

Targetted expression of the MALI ^ene. 

A construct has been been designed in which the 
expression of the MALI gene is under the control of the 
tuber- specific GBSSI promoter (Visser et al., 1989). The 
construct also contains the GBSSI targetting sequence so 
that the MALI gene product was targetted to the 
arayloplast. Plants have been transformed with this 
construct and the MALI gene product was expressed 
preferentially in the arayloplast. 

Summary of the Transformation Studies, 

Approximately 50 transgenic lines containing the MALI 
sequence in sense and antisense orientation have been 
generated. In leaf samples of the antisense lines, 
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or-glucosidaae activity was reduced by up to 50% compared 
with the vector control values. In tubers, few lines 
exhibited a consistent decrease in maltase activity and 
there was considerable tuber to tuber variability. Two 
5 consistent effects have been noticed however. Firstly, 

starch turnover rate (as determined by Che ratio of light 
to dark starch content) was significantly lower in leaves 
from some MALI antisense lines. Maltose levels in leaves 
from these antisense plants were higher (up to double 
10 that routinely measured in leaf samples from control 

plants) . Secondly, in stored tubers from the antisense 
lines, the sucrose level was consistently lower than in 
control tubers, in some lines the sucrose content was 
only 30 to 60% of that observed in the control tubers. 

15 
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CLAIMS 

1. Recombinant or isolated nucleic acid encoding an a- 
glucosidase enzyme, preferably a plant of-glucosidase 
enzyme . 

5 

2 . Recombinant or isolated nucleic acid as claimed in 
claim 1 which is obtainable from potato. 

3. Recombinant or isolated nucleic acid as claimed in 
10 claim 2 which is obtainable from the potato cultivar 

Record . 

4 . Recombinant or isolated nucleic acid, as claimed in 
any one of claims l to 3, wherein the enzyme has the 

15 activity of a 105.4 ]cD a-glucosidase enzyme of potato. 

5 . Recombinant or isolated nucleic acid as claimed in 
any one of claims 1 to 4 encoding at least part of the 
amino acid sequence as shown in Figure 2. 

20 

6 . Recombincint or isolated nucleic acid as claimed in 
any one of claims 1 to 5, wherein a coding sequence is 
operatively linked to a promoter. 

25 7. Recombinant or isolated nucleic acid comprising a 

promoter which naturally drives expression of a nucleic 
acid sequence encoding a plant a-glucosidase enzyme. 

8. Recombinant or isolated nucleic acid as claimed in 
30 claim 7, wherein the coding nucleic acid sequence is as 

claimed in any one of claims 1 to 7 . 

9. Recombinant or isolated nucleic acid as claimed in 
any claim 6 to 8 which, when expressed, results in 
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enhanced starch and/or other carbohydrate breakdown in a 
plant or microbe. 

10. Recombinant or isolated nucleic acid as claimed in 
5 any one of claims 6 to 9 including a signal sequence in 

translational fusion with the a-glucosidase coding 
sec[uence 

11. Antisense nucleic acid which comprises a 
10 transcribable strand of nucleic acid, which is 

complementary to at least part of the strand of nucleic 
acid which is transcribed from a nucleic acid sequence 
encoding a Of-glucosidase enzyme, preferably a plant 
ff-glucosidase enzyme. 

15 

12. Antisense nucleic acid as claimed in claim 11 
wherein the sequence encoding the a-glucosidase enzyme is 
obtainable from potato, 

20 13. Antisense nucleic acid as claimed in claim 12, 

wherein the sequence encoding the or-glucosidase enzyme is 
obtaineUsle from the potato cultivar Record. 

14. Antisense nucleic acid as claimed in claim 13, 
25 wherein the a-glucosidase enzyme has the activity of a 

105.4 kD a-glucosidase enzyme of potato. 

15. Antisense nucleic acid as claimed in any one of 
claims 11 to 14 which is complementary to at least part 

30 of the nucleic acid sequence encoding the amino acid 
sequence aa shown in Figure 2 . 

16. Antisense nucleic acid as claimed in any one of 
claims 11 to 15 operatively linked to a promoter. 
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17. Nucleic acid capable of specifically disrupting the 
proper expression of an Of-glucosidase gene, preferably a 
plant Of-glucosidase gene. 

5 18. Nucleic acid as claimed in claim 17, wherein the 

Of-glucosidase gene encodes a 105.4 kD a-glucosidase 
enzyme of potato. 

19. Nucleic acid as claimed in any one of claims 1 to 18 
10 comprising a 5' transcription regulation sequence. . 

20. Nucleic acid as claimed in claim 19, wherein the 5' 
transcription regulation sequence is derived from the 
Cauliflower Mosaic Virus 35S gene. 

15 

21. Nucleic acid as claimed in any one of claims 1 to 20 
which is recombinant and comprises part of a vector. 

22. Nucleic acid as claimed in claim 21, wherein the 
2 0 vector is a cloning or an expression vector and comprises 

one or more selectable markers. 

23 . A host cell transf ected or transformed with a vector 
as claimed in claim 21 or claim 22. 

25 

24 . A plant or microbial cell comprising nucleic acid as 
claimed in any one of claims 1 to 10 or 19 to 23 (when 
dependent on any one of claims 1 to 10) . 

30 25. A plant or microbial cell comprising nucleic acid as 

claimed in any one of claims 11 to 18 or 19 to 23 (when 
dependent on any one of claims 11 to 18) . 

26. A plant, microbe, or part of a plant, at least some 
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of whose cells are as claimed in claim 24. 

27. A plant, microbe, or part of a plant, at least some 
of whose cells are as claimed in claim 25. 

5 

28. Use of nucleic acid as claimed in any one of claims 
1 to 22 to modify starch and/or other carbohydrate 
breakdown in plant or microbial material. 

10 29. Use of nucleic acid as claimed in any one of claims 

1 to 10 or 19 to 23 (when dependent on any one of claims 

I to 10) to obtain enhanced of-glucosidase activity in 
plant or microbial material. 

15 30. Use of nucleic acid as claimed in claim 29 to 

enhance flavour characteristics of plant tissue. 

31. Use of a plant, or part of a plant, as claimed in 
claim 24 in a malting or brewing process. 

20 

32. Use of nucleic acid as claimed in any one of claims 

II to 18 or 19 to 23 (when dependent on any one of claims 
11 to 18) to obtain reduced or-glucosidase activity in 
plant or microbial material, 

25 

33. Use of nucleic acid as claimed in claim 32 to 
control pre-sprouting in cereals, sprout control in 
potato or loss of starch and/or dry weight in storage, 
cooking or processing of plant material. 

30 

34. A novel starch structure obtainable by expression of 
nucleic acid as claimed in any one of claims 1 to 22. 
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1 CGACGGCCAGTGAATTCCGGTCTTCTATGATATCTTTCCACATTGATCTCCGATTATAAC 60 

61 CATGAGAGCTCCACTACTCCTATATCCACTCCTTCTCCTCCTTCTATTTGTTACCTCTGC 120 

121 CTACTCCTGGAAGAAGGAGGAGTTTCGAAACTGCGACCJUU^CCCCATTTTGCAAAAGAGC 180 

181 CCGTTCCCGAAAACCTGGATCGTGCAATCTGCGGGTTGCCGATGTGTCCATCTCCGATGG 24 0 

241 GGATCTTATAGCCAAACTTGTCCCCAAAGAAGAAAACCCAGAAAGTGAACAACCCAATAA 3 00 

301 GCCriTGGTTCTCACTCTTTCTGTGTACCAAGATGGTGTCATGAGGGTGAAAATTGATGA 3 60 

3 61 AGATCAAAATCTGAATCCACCCAAGAAAAGATTTGAAGTTCCTGAGGTGATTGAGGAAGA 420 

421 TTTCCTCAACACCAAGCTGTGGTTAACCAGAGTAAAAGAGGAGCAAATCGACGGAGTTTC 480 

481 GAGTTTTTCCTCTGTTTTTTACTTGTCTGATGGGTATGAAGGGGTGTTGAGACATC^ 540 

541 ATTTGAGGTTTTTGCCAGAGAGAGTGGAAGTGGGAAGAGAGTGTTGTCCATAAACTCAAA 600 

601 TGGGTTGTTTGATTTTGAACAGTTGAGGGAGAAGAAAGAAGGGGATGATTGGGAGGAGAA 660 

661 G TTTA GGAGTCATACTGATACAAGGCCTTATGQTCCACAATCAATTAGTTTTGATC 720 

721 TTTTTATGGTGCAGATTTTGTTTATGGCATTCCTGAACATGCTACTAGTTTTGCT^^ 780 

781 ACCAACTAAGGGGCCTAATGTAGAGGAATATTCCGAGCCTTATAGGTTATTTAATCTTGA 840 

841 TGTGTTTGAGTATCTTCATGAGTCGCCriTTTGGGCTTTATGGTTCAATTCCTT^ 900 

901 TTCACATGGGAAAGCO^GGGGTAGTTCGGGTTTTTTCTGGTTGAATGCTGCGGAA^ 960 

961 GATTGATGTATTGGGATCTGGTTGGAATTCAGATGAGTCTTCAAAGATAATGTTGCCCTC 1020 

1021 GGACAAGCACAGGATTGATACTTTATGGATGAGTGAGTCTQGTGTAGTGGATACGTTCTT 1080 

1081 TTTCATTGGTCCTGGGCCAAAAGATGTGGTTAGGCAGTATACTAGTGTAACGGGAAGGCC 1140 

1141 ATCTATGCCACAGTTATTCGCAACTGCATACCATCAATGTAGATGGAATTATAGAGACGA 1200 

1201 GGAAGATGTTTATAATGTTGATTCAAAATTTGATGAGCATGATATCCCTTATGATGTT^ 1260 

1261 GTGGCTTGATATTGAGCACACAGATGGGAAGAAGTACTTTACTTGGGACAGGGTGT^ 1320 

1321 TCCTAACCCGGAAGAAATGCAGAAGAAGTTAGCTGCAAAGGGTAGACACATGGTTACCAT 1380 

1381 TGTCGATCCTCATATCAAGAGOGATGAGTCTTACCATATACCCAAGGAGGCCTTAGAAAA 1440 

1441 GGGATACTATGTTAAGGATGCTACTGGTAAGGATTATGATGGATGGTGCTGGCCTGGTTC 1500 

1501 CTCATCATATACTGACTTGCTGAATCCCGAGATTAAGTCATGGTGGAGTGAOUUiTTTT 1560 

1561 ACTTGATAGCTATGTTGGCTCAACAAAGTATTTATACATCTGGAATGACATGAATGAACC 1620 

1621 TTCCGTCTTC3UITGGACCAGAGGTAACAATGCCAAGAGATGCTTTACATC7VTGGAGGAGT 1680 

1681 AGAGCACAGGGAGTTGCACAATTCATATGGTTACTATTTCCATATGGGAACATCCGACGG 1740 

1741 GCTTCTAAAGCGTQGAGATGGAAAAGATAGGC Ci " lTTGrX " IT GGCAAGGGC L " I TCTTTGC 1800 

1801 CGGAAGTCAAAGATATGGAGCAATTTGGACITSGAGATAATACAGC^ 1860 

1861 GAGGGTTTOVGTCCCCATGGTGTTAACTCTTAGCATCTCTGGAATAGTATTTTCTGGTC 1920 

1921 AGATGTTGGTGGATTTTTTGGTAATCCTGACACTGAGTTGTTGGTTCGCIX3^ 1980 

1981 AGGTGCATATTATCCCTTTTTCCGGGGGCATGCACATCATGACACTAAAAGACGGGAACC 2040 

2041 TTGG TTA TTTGGAGAAAGAAATACACAATTGATGAGGGAAGCGATACATGTTCGTTACAT 2100 

2101 GTATCTT CCTTA TTTOTACACTCTATTTAGAGAAGCAAATTCAAGTGGTACTCCAGTTGC 2160 

2161 TCGCCCACTTTGGATGGAGTTCCCTGGAGACGAAAAATCTITTAGCAATGATGAGGC^^ 222 0 

2221 CATGGTTGGGAATGGTCTTCTAGTGCAAGGAGTTTATACAGAGAAACCAAAACATG^ 2280 

2281 TGTCTATtrr ACCAGGGGAGGAATCCT^TATGATTTAAGAAGTGCATCTGCATACAACGG 2340 

2341 AGGTCATACJ^CACAAGTATGAGGTTTOlGAAGATAGTATTCCnTCrm 2400 

2401 AACTATCATACCAAGGAAAGATCGTTTACGTCGGAGCTCGACACAGATGGAAAATGATCC 2460 

2461 TTATACTCTGGTTATAGCTCrrAATAGTTCCAAGGCAGCTGAAGGTGAGCT^ 2520 

2521 TGATGGGAAGAGCTATGAGTTCAAACAAGGTGCCTTCATTCTCAAATGGGATO 2580 

2581 CTTCCAAATGCAGCCCCGTCTACAGCTGGCAGTGACACATTTTCCTTCCGAGTGC^ 2640 

2641 AGAGAGGATAATCTTGTTAGGATTGTCTCCTGGAGCTAAAACAGCCCTTATTGAACCAGG 2700 

2701 AAACAAGAAAGTTGAAATTGAGCTTGGGCCACTCTTCATTCAAGGAAATCGAGGATCTGT 2760 

2761 TCCAACCATCCGCAAGCCTAATGTGCGTATTACAGATGATTGGTCGATTCAAATTTTGTA 2820 

2821 AGAAGTTGGTAGTTATGACGAAGTCTTACATTTTCCTCTTCOSCXnTCATCATGTATTGG 2880 

2881 GTTAGACCAGCTAATAGGTAAATCTTTACTAGAAGAATTAAACATTGATGAAGATTGTTA 294 0 

2941 TACAGGaATAGTTTGAAGCGGCCGCGAATTCGAGCTCGGTACCCGGGGATCC 2992 



FIG.1. 
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pot 1 MRAPLLLYPLLLLLLFVT. . .SAYSWKKE 26 

. tl :|:|. h I I 
hum 1 MGVRHPPCSHRLLAVCALVSUVTAALLGHIIXHDFLLVPRELSGSSPVLE 50 

poc 27 EFRNCDQTPFCKRARSRKPGSCNLRVADVSISDGDLIAKLVPKEEOT 76 

hum 51 ETHPAH<MGASRPGPRDAQAHPGRPRAviTQCI)VPPNSRF^ 100 

pot 77 QPNKPLVLTLSVYODGVMRVKIDEDQNLNP . . . PKKRFEVPEVIEZDFLN 123 

hum 101 EQCEARGCCYIPAKQGLQGAQMGQPWCFFPPSYPSYKLE^ 150 

pot 124 nCLWLTR VKEEQIDCVSSFSSVFYLSDGYEGVLRHD . PFEVFAR 166 

hum 151 TXTRTTPTFFPKDILTIJlIJ}VMMETENRIJlFTIKDPANRRyEVPLET^ 200 

pot 167 ESGSGKRVLS IN . SNGIJTJFEQIJIEICKEGDDWEEKFRSHTDTRP . . YGPQ 2 13 

-I ■...:.|:: |:: |:. | :|.. | ::,| 

hum 201 HSRAPSPLYSVEFSEEPFGVrVHR QLDGRVLLNTTVAPLFFADQ 244 

pot 214 SISFDVSFYGADFVYGIPEHATSFAIJCPTKGPNVEEYSEPYiaJFllLDVFE 263 
^ ^--h |::|| |... .... |:| |: 

num 245 FLQLSTSL.PSQyiTGIAEHLSPLMLSTS WTRITLWNRDL. . 283 

pot 264 YlJIESPFGLYGSrPFMISHGKARGSSGFFWLNAAEMQIDVMSGMNSD^ 313 

nil II |.|:||...|:: : .1. | 

hum 284 .APTPGANLYGSHPFYIJU£DGGSAHGVFIXNSNAMDVVLQPSPALS. . . 329 

pot 314 SXIMLPSDKHRIDTLWMSESGWDTFFFIGPGPiODWRQYTSVTGRPSMP 363 

h«« M-|::|.::|:||:||.M.|| .|.| I II 

330 WRSTGGXLDVYIFLGPEPKSWQQYLDWGYPFMP 364 

pot 364 QIJATAYHQraWNYRDEEDVYNVDSKFDEHDIPYDVLWLDIEHTDGKKYF 413 

'''\ IIM I .:|.|| I |::. |::: | 

hum 365 PYTOLGFHLCRWGYSSTAITRQVVENMTRAHFPLDVQWNDLDYMDSRRDF 414 

pot 414 TWDRVIJrPKPEEKQmAAKGRHMVTrVDPHIK. . .RDESYHIPKEAI^ 460 

\''-- 1-^ "I ..| • Ih : INI I- ..:|h .|:| t 
hum 415 TFNKDGFRDFPAMVQELHQGGRRYMMIVDPAISSSGPAGSYRPYDEGLRR 464 

pot 461 GYYVKDATGKDYIXWC5«>GSSSYTDUirPEIKSWMSD^^ 510 

hum 465 GVFXTNETGOPLIGKVWPGSTAFPDFTNPTAIAllJ!^ 512 

pot 511 LYIMNDMNEPSVF.NGPEVTMPRDALHHGG 539 

■■\ mill I -M . |.:.|.:.. 
hum 513 IXjMHIDHNEPSNFIRGSEDGCPNNELENPPYVPGVVGGTLOAATICASSH 562 

FIG. 3. 
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pot 54 0 . . .VEHREIiJNSYGTmJMGTSIXSLLlCRGDGKDRPFVIAR^ 586 

•I nil l|. :|:| :. ||lh.|. Ill -Ih 

hum 5€3 QFLSTHYNUINLYGLTEAIASHRALVKARGT . . RPFVISRSTFAGHGRYA 610 

pot 537 MWTGDNTAEWEHLRVSVPMVLTLSISGIVFSGADVGGFFGNPDTELLVR 636 

= 111! -11 = 1 III :| :.: j:.: | I I I • || : | | . . . || || 
hum 611 GWrrGDVWSSWEQLASSVPEILQFNLLGVPLVGADVCGFLGNTSEELCVR 660 

pot 637 WY^VGAYYPFFRGHAHHDTXRREPWLFGERNTOIilREAII^ 686 

( hlhllhl.l. . ..||: |:|.. I II. t: :|| .||.:| 
hum 661 WTQLGAFYPFMRNHNSI^LPOEPYSFSEPAQOAMRKALTLRYALLPHLY 710 

pot 637 TLFREAKSSGTPVARPLWMEFPGDEKSFSKDEAFMVGHGLLVQGWTEKP 736 

llh:|: .I..|lll|::||| |...:. h-:: |::|h -I- • • 
hum 711 TLFHQAHVAGETVARPLFLEFPKDSSTWTVDHQLLWGEALLITPVLQAGK 750 

pot 737 KHVSVYLPGEESWYDL RSASAYNGGHTHKYEV 768 

.|..|:| :.|||| I.:. ..:|: .... 

hum 7S1 AEVTGYFP.LGTWYDLQTVPIEALGSLPPPPAAPREPAIHSEGQWVTLPA 809 

pot 769 SEDSIPSFQRAGTirPRKDRLRRSSTQMENDPYTLVIALNSSKAAEGELY 818 

. M III III .:. ..|: .:| -I-:!!..: -I Mh 

hum 810 PLDTINVHLRAGYIIPLQGP.GLTTTESRQQPKALAVALTKGGEARGELF 858 

poc 819 IDIXSKSYEFKQGAFIIiCHEAYIFQMQPIU^LAVTHFPSECTVERIII^ 868 

III.M :|.::|| ..:|:|: 
hum 859 WDDGESLE VLERGAY TQVIFLAR 881 

pot 869 SPOAKrALIEPGNKKVEIELGPLFIQGNRGSVPTlRKPNVRrTDm^ 918 

• • -.1= : | |:| j: 

hum 882 NNTIVNEI.VRVTSEGAGLQLQKVTVLG, . . .VAXAPQ QV 916 

pot 919 L* 

hum 917 LSNGVPVSNFTYSPDTICVLDICVSLLMGBQFLVSWC 952 

* 

FIG. 3 contd. 
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